Abstract A large-scale database concerning benthic copepods from the Arctic, Baltic Sea, North Sea, British Isles, Adriatic Sea and Crete was compiled to assess species richness, biodiversity, communities, ecological range size and biogeographical patterns. The Adriatic showed the highest evenness and the most species-rich communities. Assemblages from the North Sea, British Isles, Baltic and Crete had a lower evenness. The British Isles were characterised by impoverished communities. The ecological specificity of copepod species showed two diverging trends: higher specificity of species in more diverse assemblages was observed in the Adriatic, North Sea and Baltic. A uniformly high species specificity disregarding sample diversity was found on Crete and in the British Isles. Benthic copepod communities showed distinct 
Introduction
Meiofauna diversity and community studies have been carried out in many regions and different habitats across European waters. Most of them were single spot studies or at least geographically limited (see references in: Vandepitte et al. 2009 ). Comprehensive and complete datasets, including raw data necessary for extensive interregional comparisons, were difficult to obtain. Apart from species lists, published material often contains only transformed information on individual densities (mean values, etc.) . In most of the cases no complete information based on single samples or species-station matrices has been published. In addition, a huge amount of data is ''hidden'' in doctoral theses, some of them only published in ''grey'' literature that is not easy to access. However, a first large-scale comparison of European harpacticoid copepod assemblages was presented by .
In the course of the MANUELA project ''Meiobenthic and Nematode Biodiversity: Unravelling Ecological and Latitudinal Aspects'' in the framework of the MarBEF Network of Excellence ''Marine Biodiversity and Ecosystem Functioning'' an extensive database on meiofauna studies in European waters was compiled ). The aim was to carry out joint analysis of this information source on patterns of meiobenthic diversity and community composition. carried out a large-scale study on the community structure of Harpacticoida (Copepoda, Crustacea) from intertidal and shallow-water zones of European seas. Our study, however, is based on completely different data from the MANUELA database. Thus, it can be used as an independent approach to test their hypothesis. Furthermore, we carried out a broad array of analyses to investigate diversity, community composition, ecological specificity and biogeography of benthic copepods in European waters ( Fig. 1 ) and related them to geographical and ecological factors as well as to historical geological facts.
Materials and methods
Altogether 15 field study datasets, including 234 stations, 1,042 samples and 9,929 distribution records from European marine waters, were extracted from the integrated MS Access MANUELA database ). The records contain abundance data for benthic copepod species. Additional information on sampling gear, sample surface, latitude and longitude, water depth and environmental factors is available.
A priori assumptions and database clearance
In this study, data were analysed at the species level. As there are still inadequately (Seifried and Veit-Köhler 2010) and undescribed benthic copepod species in European waters, data providers have assigned working species names to the individuals in question. We treated the working species of different studies as different species.
Stations from impacted and/or disturbed sites belonging to the experimental part of colonisation studies were excluded from the analysis. According to Schratzberger et al. (2009) , a high level of disturbance has to be assumed for 13 stations of the study Hc (detailed introduction to studies below) and two stations of the study pl, which have therefore been removed. Colonisation studies were carried out at two sites: we excluded 68 stations from the study mt and six samples from the study ds. As benthic copepods react to heavy metal contamination (Somerfield et al. 1994b) , the pa study stations Restronguet and Mylor were excluded. Another five stations were removed from the pc study due to their location in or close to a sewage disposal site (Moore and Somerfield 1997) .
In the study u14, the surface water from the used box corer was treated as a separate sample by the data provider. Since there were mainly pelagic species in these six samples, they were omitted from further analysis.
Finally, all samples that reported only one individual were cleared from the extracted data table: four samples from the study c1, four samples from u17 and 21 samples from u18.
The 15 cleared field studies contained 144 stations, 735 samples and 7,631 distribution records (Fig. 1 ). Maps were created with the free software 4.5.1 GMT ''Generic Mapping Tools'' (http://gmt.soest.hawaii.edu).
Studies were grouped for geographical regions as follows:
Region: Arctic ds-Arctic Meiofauna Succession (Veit-Ko¨hler et al. 2008 ; data provider: SS) Marine, diver-operated push corer, 20 m depth This experimental study in glacial Kongsfjorden (Spitsbergen) investigated the long-term colonisation capacities of Arctic soft-bottom meiofauna from 2003 to 2005. Harpacticoid copepods were reported in detail together with abiotic data (sediment characteristics). 
Data analysis
Diversity analysis and prediction of diversity
The number of expected species (ES10-ES200) was calculated per sample and plotted as mean value per region versus number of individuals (rarefaction curves). As the coherent rarefaction method can be sensitive to sampling intensity (Lambshead et al. 1983) , we provide additional K-dominance curves (cumulative relative abundance versus number of species) for reliable interpretation of diversity. Analyses were performed using the PRIMER6 software (Plymouth Marine Laboratory; Clarke and Gorley 2006) and Microsoft Office Excel 2007. Multiple linear models were constructed to detect relationships between variables, such as number of individuals, sampled surface area and water depth, on the one hand, and number of species as a diversity measure, on the other hand (Draper and Smith 1981) . The full interaction models contain different combinations (terms) of the variables because it is probable that variables influence each other in a distinct way. The number of species may be dependent on the number of individuals, which itself can be connected to the sampled area or to water depth.
Models were run using the SAS statistical software package JMP 5.0.1. Note that in this study an ''adjusted'' variation coefficient r 2 is calculated using the mean squares instead of the sum of squares in order to make models with different numbers of parameters more comparable. 
Ecological range size
The ecological range size of a copepod species was defined as the number of samples in which a species was found (De Troch et al. 2001) . It can be regarded as the (local) area occupied by that species.
The average ecological range size was then calculated as follows:
Average ecological range size per species Here, average ecological range size was used to evaluate ecological specificity of benthic copepod species and genera in relation to sample diversity and geographical region. Specificity explains whether a species is a generalist (large range size) or a specialist (narrow range size). All 735 samples of the cleared database were taken into account when calculating the species range size. The analysis was carried out on the complete dataset (with working species) and on the reduced dataset (excluding working species). In order to test for the influence of sampling effort on average ecological range size results, a third analysis was run: a random selection of 95 samples of each of the highly sampled regions Adriatic, North Sea and British Isles was tested separately.
Species shared between regions and b-diversity
Number and identity of species shared between regions were obtained using the statistical software R. At the base of the species-sample matrix the data were pooled to a species-region matrix. Numbers of individuals were then converted to presence/absence data from which the shared species and number of species per region were extracted.
Approximate distances by water between regions are given based on map measurements (Fig. 1a ). According to Magurran (2004) , a cluster analysis (group average linking) based on a similarity matrix (Sørensen coefficient) was carried out as a measure of b-diversity between the six different regions. For this analysis sample data of described species were summed per region.
Community analysis
A similarity analysis based on sample species composition was carried out. In view of differences in sampling effort and sample size of the 15 studies included, the Sørensen coefficient was chosen as the similarity index. It is identical to the Bray-Curtis coefficient, but it explores similarities between presence/absence data (Clarke and Warwick 1994) . A non-metric two-dimensional plot (MDS) was produced to visualise the results. In order to check the effect of the use of working species, this analysis was carried out twice: first for the complete species-station matrix (including working species) and a second time for a reduced species-station matrix after removal of all working species.
The significance of the similarity of copepod species composition was tested by means of one-way ANOSIM. Three factors were introduced: Study (15 studies), Region (Arctic, Baltic, North Sea, British Isles, Adriatic, Crete) and Depth (0-5, 5-10, 10-20, 20-50, 50-100, [100 m).
The intertidal is a habitat with extreme environmental conditions that clearly differ from the more uniform subtidal. Therefore, an additional similarity analysis and ANOSIM was run for a reduced dataset where the two intertidal studies dh (North Sea) and pa (British Isles) were removed from the database.
Intraregional similarity between single studies was tested for the North Sea and the British Isles.
Analyses were performed using the PRIMER6 software (Plymouth Marine Laboratory; Clarke and Gorley 2006) .
Results
In total, 735 samples from 144 stations representing 15 European field studies provided 155 genera and 613 species (including 332 working species) of benthic Copepoda.
For the different regions the total number of species and number of working species detected were as follows: Arctic, 22 species in 2 samples (including 8 working species, 36.4%); Baltic, 36 species in 5 samples (13 working species, 36.1%); British Isles, 153 species in 120 samples (58 working species, 37.9%); North Sea, 345 species in 368 samples (188 working species, 54.5%); Adriatic, 112 species in 232 samples (32 working species, 28.5%); and Crete, 43 species in 8 samples (33 working species, 76.7%).
Diversity analysis
Rarefaction curves ( Fig. 2a ) and K-dominance plots ( Fig. 2b ) document the sample diversity of the different regions.
The Adriatic was the region with the most diverse samples. The number of expected species in the Adriatic increased steeply with the number of individuals (Fig. 2a) . The North Sea, Crete and Baltic samples showed medial increases in the number of expected species, and samples from the British Isles reach the maximum number of species earliest (Fig. 2a) . The Arctic was characterised by a steady rise in species numbers with the number of individuals, which was only limited by the number of individuals present in the samples (Fig. 2a) .
The Adriatic was the region with the highest evenness and thus the shallowest rise in cumulative relative abundance (Fig. 2b) . North Sea, British Isles, Baltic and Crete samples were characterised by higher relative abundances of the dominant species. The Arctic was found in an intermediate position (Fig. 2b) .
Prediction of diversity
Multiple linear models predicting diversity were constructed for the three regions with the highest number of samples (North Sea, British Isles, Adriatic). The value of r 2 (with 0 \ r 2 \ 1) shows the percentage of variation explained by the equation. Therefore, r 2 can be used as a measure of the quality of the prediction (Draper and Smith 1981) .
For the North Sea no significant prediction formula could be calculated (r adj 2 = 0.148, Table 1 ). For the British Isles (r adj 2 = 0.788) and the Adriatic (r adj 2 = 0.774) highly significant models can be used for predicting the number of species (Tables 2, 3 ). To estimate the number of species present in a sample water depth (North Sea), the number of individuals (British Isles, Adriatic) and the interaction of the number of individuals with the sampled area (Adriatic) were the most significant factors in the three tested regions.
Ecological range size
There is a decreasing trend in the average ecological range size in samples with increasing species diversity in the Adriatic, the North Sea and the Baltic, pointing to an inverse relation between specificity and diversity (Fig. 3a) . In samples from the British Isles and Crete, specificity did not change considerably with diversity. The average ecological range size of species in these regions stayed the same or increased slightly with the number of species present in a sample.
Overall, the lowest specificity was detected in samples from the Adriatic (Fig. 3a, b ; Table 4 ). Species from this region show the highest ecological range size, which suggests that they occupy large areas in the Adriatic or elsewhere. The Adriatic region is followed by the North Sea, the Baltic, the British Isles and Crete (in this order, Fig. 3a ) where higher species specificities and thus lower average ecological range sizes were observed. A random selection of 95 samples of each of the highly sampled regions (Adriatic, North Sea, British Isles) confirmed the particular situation of the Adriatic (Fig. 3b) .
After removal of working species, the results for the investigated regions were only slightly different in the maximum number of species per sample and the inclination of the slopes of the fitted lines. Intercepts, trends and position of regions were nearly identical.
At the genus level ( Fig. 3c ; Table 4 ), all regions showed a decreasing trend in average ecological range size with increasing genus diversity. The results of all regions are closer together in this case. The highest specificity (lowest trend line on Fig. 3c ) was found in samples with low genus diversity from Crete. In samples with high genus numbers the Adriatic shows the lowest specificity (highest trend line on the right side of Fig. 3c ). Species shared between regions and b-diversity
The results for approximate distances by water between the different regions are given in Fig. 1a . In combination with Tables 5, 6 , 7 they furnish an overview of the geographical ranges widespread species cover. Overall, 216 out of the 281 described species in the database were restricted to only one region, 40 species occurred in two different regions and 18 species were reported from three regions (Tables 5, 6 ). Only six species were shared by four regions and one species (Cletodes Table 4 limicola) was present in five out of six regions (Table 7) . There were no species reported that were found in all six regions. The Baltic had 78% of the described species (18 out of 23) in common with other regions. This was the highest ratio of wider-spread species in comparison with the other regions. Despite the large distance between the sampling regions, 10 out of 14 described Arctic species (71%) were found to be trans-regional. The centrally located North Sea had only 45 species out of 157 (29%) in common with one or more regions. The British Isles (49 of 95 species shared, 52%) and the Adriatic (34 of 80 species shared, 42%) showed medial percentages of supra-regionally spread species. The remotely located island of Crete had seven out of ten described species (70%) in common with one or more regions.
Nevertheless, b-diversity between regions around Europe is high. This can be deduced from the cluster analysis (Fig. 4) where the positions of the nodes of the dendrogram indicate very low similarities between the different regions and/or clusters of regions. The highest similarity (and thus the lowest b-diversity) was observed between the Baltic and the British Isles at 28.81%. The greatest step towards higher b-diversity was found between the cluster Baltic/British Isles and the Adriatic (20.74% similarity with Baltic/British Isles). The North Sea, Adriatic, Baltic and British Isles clustered at a similarity level of 17.53%. Another wide step was observed between this group and Crete, which were similar only for 9.55%. The Arctic showed the lowest similarity with the other regions.
Community analysis
The MDS ordination (Fig. 5) indicated that the copepod communities of the six European regions were distinguishable with some overlap. This was confirmed by a oneway ANOSIM for the factor Region (Table 8 , complete data; R = 0.54, P% = 0.1). Samples from the North Sea ( Fig. 5; grey symbols) , and the Adriatic (black squares with grey border) formed clearly separated aggregations, while the British Isles (open symbols with black border) as well as the Baltic communities were more scattered over parts of the MDS. Crete and the Arctic were found as separate clusters in the middle of the plot. The Adriatic samples formed the densest cluster of the three regions with the highest sampling effort, indicating very homogenous communities. A nearly identical pattern was observed when the analysis was carried out a second time after exclusion of the working species.
Highly specialised intertidal copepod communities seemed to share more species over larger distances than the communities of the subtidal. The samples of the two intertidal studies dh (North Sea) and pa (British Isles) were found to cluster in the lower part of the MDS plot (Fig. 5 , positions indicated by arrows). The pa study was completely separate from the rest of the British samples (plotted in the upper part of the MDS). In the North Sea samples the dh study grouped separately from the rest. When the (intertidal) studies dh and pa were removed from the database, ANOSIM detected a more marked separation of the different regions (Table 8 , reduced data; R = 0.689, P% = 0.1).
However, grouping samples by the factor Study yielded the highest rates for Global R and indicated that the different studies were well separated from each other (Table 8 ; R [ 0.8). Factor Depth as well showed certain grouping tendencies, but only to a minor extent in comparison with the other two factors.
Within regions Global R can reach comparable or higher values than between regions ( Table 9 ). The seven studies from the North Sea are overlapping, but different with a Global R of 0.496 (P% = 0.1). The four studies around the British Isles are nearly completely separated (Global R = 0.909, P% = 0.1).
The more detailed pairwise ANOSIM tests for the complete database for the factor Region revealed different degrees of separation (Table 10 ). The R values showed a marked difference between the Arctic and the Baltic (R = 0.855) although the significance was quite low due to the low sampling effort in the two regions (P% = 4.8).
There was a complete separation between the samples from Crete and the faraway regions Arctic and Baltic as well as the geographically closer Adriatic. This seems to be astonishing as Crete shared 7 of its 10 described species with the Adriatic, though it has to be kept in mind that only 23% of the species found in Heraklion harbour were described. The separation between Crete and the Adriatic persisted even after excluding working species from the analysis. This might be a consequence of the greater homogeneity within the Crete samples. ANOSIM is known to react sensitively to this kind of difference (Anderson 2001) . Samples from the North Sea and the British Isles were overlapping with all regions except for the Adriatic samples. The Adriatic itself was clearly separated from all other regions with highly significant pairwise R values of 0.588 B R B 0.972. For the factor Depth an inhomogeneous pattern of pairwise results was observed (Table 10 ). The highest R values and thus the clearest separations were observed for the pairwise tests between the groups 50-100 and [100 m (R = 0.924; P% = 0.1), 0-5 and 50-100 m (R = 0.789; P% = 0.1), and 0-5 and [100 m (R = 0.803; P% = 0.1). Within the two separately tested regions (Table 9 ) the factor Depth plays a nearly as important role as the factor Study. The communities in the different depth categories in the North Sea were overlapping (Global R = 0.43, P% = 0.1) while for the British Isles the communities were well separated (Global R = 0.776, P% = 0.1).
Discussion

Diversity and predictability
The Adriatic was the region with the highest evenness and showed the most species-rich and diverse communities found in single samples compared to all investigated regions. Dominant species in the Adriatic were less individual-rich than in other regions. The high species diversity in the Adriatic samples may be explained by the small-scale ecological situation (food spectra, microhabitats) in the variety of inshore and offshore macrohabitats sampled (Vriser 1983 (Vriser , 1996a (Vriser , b, 2000a Orlando-Bonaca and Lipej 2005) . Other factors like interspecific competition might additionally contribute to these findings.
In the North Sea, the British Isles, the Baltic Sea and Crete dominant species showed higher individual densities than in other regions. Communities thus had a lower evenness than the ones from the Adriatic samples. In general, the variety of habitats sampled from the British Isles was comparable to the situation in the Adriatic (see below). However, the individual densities in communities from single habitats in the British Isles were not as evenly distributed as in the Adriatic. Moreover, the British Isles were characterised by impoverished communities with lower maximum species numbers.
Individual densities play a crucial role for the number of species in a sample. Our findings indicate that the number of species may additionally depend on water depth or the interaction of individual density with the sampled surface area. This means that the effect of the number of individuals on species richness can change with the sampled area, at least in the Adriatic.
Species specificity
The observations and trends on average species range sizes in samples and their relation to sample diversity were Fig. 4 Dendrogram of the cluster analysis of the Sørensen similarity (group average linking) of benthic copepod community data (described species) from six European marine regions independent of the number of working species used for a region. A cross-check analysis after exclusion of all working species showed only negligible differences in the slopes of the fitted lines for the investigated regions compared to the analysis of the complete dataset. A possible explanation for this finding is that working species were mainly assigned for rare species that did not contribute decisively to ecological range size calculation. This is plausible as undescribed copepod species tend to be the more rare ones.
The high number of samples processed for the Adriatic region (with the use of constant working species by a single investigator) could lead to overestimated ecological range sizes. Consequently, this means that average ecological range sizes should be very low in the North Sea (7 studies, 6 authors, 54.6% working species) because the same species could have been counted several times as different working species. However, this is not the case. In the British Isles we deal with an intermediate value of 37.9% working species (four studies, of four different author groups), but here we find the lowest average ecological range sizes and not in the North Sea. Average ecological range size as a measure for ecological specificity in benthic copepod species showed two diverging trends in the analysed datasets. There are geographical regions (Adriatic, North Sea, Baltic) where the average ecological range size decreased with increasing sample diversity. This decreasing trend points to the higher specificity of species in more diverse assemblages compared to species in less diverse areas (Schlacher et al. 1998; De Troch et al. 2001) . Overall, the Adriatic shows the highest number of generalist species. This result is independent of sampling effort or of the use of working species. A possible explanation for this may be the adaptation of generalist species to the challenging ecological situation found in this shallow gulf with its pronounced seasonal cycles during the year due to great variations in water temperature, stratification and irradiance (Malačič and Petelin 2001) . The study area is situated in the eastern part of the north Adriatic which has mesotrophic or oligotrophic conditions (Mozetič et al. 2009; Flander Putrle and Malej 2003; Turk et al. 2007 ). However, occasional phytoplankton blooms, mucilages and hypoxic to anoxic bottom events destabilise the benthic community (Stachowitsch 1986 (Stachowitsch , 1991 Turk et al. 2007 ). The geographical area sampled in the Adriatic was not as large as in the North Sea and the British Isles. Therefore, a certain influence at the ecological range size should be taken into account. Nevertheless, a high percentage of described species (42%) from the Adriatic has been reported from other regions as well.
A second trend with a uniformly high specificity of the species disregarding sample diversity was found in two regions (Crete and the British Isles). One explanation may be that these two regions are inhabited by more specialised species, or by species that are precisely endemic to one region. The second is partly true for Crete. Only 23% of the species of Heraklion harbour were described species, but sampling effort in Crete was relatively low (see below). For the British Isles, however, there seem to be other reasons for the uniform species specificity. The comparably stable level of average ecological range size could partly be explained by the variety of habitats that were included in the British Isles dataset, ranging from brackish intertidal mud flats and sublittoral coast stations to a firth environment. This diversity of habitats found in the British Isles might be the main explanation for the constant level of species specificity that was independent of sample diversity. The North Sea datasets, on the other hand, comprised intertidal sand flats, sandbanks and sublittoral shelf stations from the Southern Bight. These habitats are more uniform than the ones studied from the British Isles, and North Sea samples show a distinct slope in species range sizes with more generalist species in the less diverse samples.
Benthic copepod communities
The benthic copepod communities analysed in this study showed distinct patterns which clearly fit the geographical regions that were predefined. Communities were distinguishable and b-diversity was found to be high around Europe, indicating a high species turnover on this scale of investigation.
The Arctic and the Baltic (western part) communities were clearly distinguishable. Although there were very high percentages of widespread species found in both regions, they had only two species in common. Their separated geographical positions contributed to these results. However, continuous connections between the investigated Arctic fjord system (Kongsfjorden, Spitsbergen) and the central European water masses are realised via the Norwegian Atlantic current (Svendsen et al. 2002) . Although benthic copepods do not have pelagic larvae and many species have only reduced swimming abilities (Thistle and Sedlacek 2004) , a possible way of dispersal is resuspension by benthic storms (Thistle 1988) followed by passive transport by currents. The fact that benthic copepod species can overcome thousands of kilometres of deep-sea environment, including abyssal plains and ridge systems, was recently presented by Gheerardyn and Veit-Köhler (2009) . The western Baltic, on the other hand, is regularly provided with an influx of North Sea water masses. However, the separation of the Arctic and the Baltic region has to be confirmed by further studies since the sampling effort for these two regions was relatively low. The communities of the British Isles were very similar to or even non-separable from the copepod assemblages of all other regions, with the exception of the Adriatic. The open geographical position and the constant exchange with the North Sea and even connections to the Arctic did lead to the establishment of interconnected communities in the British Isles. The British Isles, and to a lesser extend the North Sea, can be regarded as faunistic links between the separated Arctic communities on one side and the Baltic ones on the other. Our findings indicate a transitional position of the British Isles.
Within the three regions with the highest sampling effort, the British Isles showed the largest proportion of trans-regional species. This can additionally be explained by the wide variety of habitats investigated around the British Isles (including the subtidal, mudflats and a firth environment). The North Sea habitats, on the other hand, were mainly Southern Bight sites from the subtidal, an intertidal sand flat and sandbanks. However, the highest number of described species was reported from there. This can partly be explained by the number of included samples, which was highest for the North Sea. A high sampling effort may be responsible for detection of more rare species than in other less intensively sampled regions. Consequently, the North Sea showed a low percentage of widespread species. However, the absolute number of species the North Sea shared with other regions nearly equalled that of the British Isles.
For the British Isles and the North Sea, intraregional community analyses were carried out. The different studies around the British Isles were completely separated from each other, which may be attributed to the great variety of different habitat types included (see above). The North Sea studies were found to be overlapping in the intraregional test, a fact that is due to the more uniform structure of the investigated sites.
A special situation was found at intertidal sampling sites. Communities from the North Sea intertidal (German Wadden Sea sand flat) equalled those of a brackish water intertidal mudflat in the southeast British Isles (England, Fal estuary). Apparently, the extreme environmental conditions present in the intertidal lead to a specialised copepod community that is more stable over larger distances than the subtidal communities.
The situation of the copepod communities of the two southernmost regions, the Adriatic and Crete, can be explained by the geological history of the Mediterranean (Bianchi and Morri 2000) . The authors distinguish marine faunal elements by their biogeographical backgrounds. Among others, the categories are as follows: temperate Atlantic-Mediterranean fauna, cosmopolitan/panoceanic fauna, species from the subtropical Atlantic with interglacial remnants, species from the boreal Atlantic with ice-age remnants, eastern Atlantic migrants and endemic elements (Bianchi and Morri 2000) . From this diverse scenario, cosmopolitan fauna and ice-age remnants are the most probable explanations that the Crete communities-despite the geographical distance-were not separable from those from the North Sea and especially the British Isles. However, ANOSIM almost completely separated Crete from the Adriatic (independent of working species), which may be explained by the low sampling effort and the very homogeneous communities in Crete since Crete shared all its interregional species with the Adriatic. The Adriatic is a semi-enclosed shallow shelf area that has been completely dry during the last glacial period (Hofrichter 2002) . Here a benthic copepod community has evolved that-despite the fact that it shared still 42% of its species with the other European regions-is unique and adapted to the challenging environmental conditions. Environmental and geological conditions, prevailing currents (Hofrichter 2002) and the complex geological history of the Mediterranean (Bianchi and Morri 2000) seem to be the major explanations for this situation.
Comparison to other large-scale studies Chertoprud and Garlitska (2007) compiled an extensive dataset of harpacticoid species from Russian seas. Their work was based on a large number of different ecological, taxonomic and biogeographical studies. They compared species composition for the different regions, but did not take densities into account. Their total list of the harpacticoid fauna included 527 species and 168 genera. More than half of the species represented were restricted to one region. In the present study we found an even higher percentage (77%): 216 of the 281 described species were ''endemic'' to a region. Chertoprud and Garlitska (2007) report a gradual reduction of species richness from the subtropical and temperate latitudinal belts to the Arctic zone. This is in line with a study by Kuklinski et al. (2006) , who found inverse correlations between latitude and all measures of richness and biodiversity in the faunas of cobbles in intertidal boulder fields. Our data, on the other hand, show a species richness hot spot in the North Sea with a gradual decline in species numbers towards the north and south. Although the high sampling effort in the North Sea should be considered, regional differences in ecological characteristics, such as productivity and habitat suitability, have to be considered as factors influencing species richness.
In general, from their Russian study Chertoprud and Garlitska (2007) find common climatic and hydrographical features to be more important than geographical connection or isolation of regions for the similarity of harpacticoid faunas. Nevertheless, the general importance of ecological factors seems to decrease and that of historical factors seems to increase from local to regional scales (Caruso et al. 2005) . Our results support these ideas: on the one hand, the benthic copepod communities of the Adriatic and Crete are completely separated despite their geographical closeness. The present ecological conditions and the differing geological history of both parts of the Mediterranean may explain this. On the other hand, the communities of Crete are closely related to the North Sea and the British Isles. This cannot be explained by the climatic conditions, but only by historical factors. were the first to carry out a large-scale study on intertidal and shallow European waters. They stated that the quantitative characteristics of benthic copepod populations are not important for taxocoenosis identification because of their high variability in space and time. Accordingly, and because of the differences in sample size, we also used the Sørensen index for community analysis. were able to show that the geographical variability of harpacticoid assemblages was low and that intraregional and biotopical variations were often greater than their geographical (interregional) variability. Sediment characteristics and hydrodynamic processes were the main factors controlling the composition of species and life forms. They found that ANOSIM of the species composition in intraregional and interregional comparisons resulted in Global R = 0.56 and thus confirmed a significant geographical variability in European waters. However, their R values, slightly higher than 0.5, indicate that groups (though different) are still overlapping (Clarke and Gorley 2001) . With our completely differing database we came to the same conclusion because we obtained the same Global R value for the interregional test (factor Region). When we ran the test at study level (factor Study for the complete database), by contrast, the differences were much more pronounced and showed that studies were very well separated. This is not in line with the findings of , who reported the same moderate Global R (0.56) for interregional and intraregional analysis at species level. On the other hand, found comparable results of high intraregional variability with a different statistical analysis for the North Sea and attributed this to the variety of macrobiotopes sampled in the included studies. Our tests for single studies on a regional scale showed marked differences in separation level: In the North Sea single studies were still overlapping while for the British Isles they were completely separated. On an intraregional scale the topography of the coastline, grain size situation and differences in salinity ranges seem to be responsible for the variability of the taxonomic structure of benthic copepod communities ). The variety of habitats sampled in the British Isles in the present study was much larger than in the North Sea. These possible sources of differences have to be taken into account when drawing conclusions from large-scale studies with combined datasets.
Conclusions
Patterns of species richness, biodiversity, communities, ecological range size and biogeography are quite distinct between the Arctic, the Baltic, the North Sea, the British Isles, the Adriatic and Crete. The Adriatic showed the highest evenness and the most species-rich communities, which can be explained by the great variety of microhabitats sampled. Assemblages from the North Sea, British Isles, Baltic and Crete had a lower evenness, indicating the dominance of few species. The British Isles had impoverished communities with the lowest maximum numbers of expected species. Correlations between species richness and copepod densities with influences of water depth and sampled surface area were found for the North Sea, the British Isles and the Adriatic respectively. Two diverging trends were detected for the ecological specificity of copepod species. In the Adriatic, the North Sea and the Baltic, higher specificity of species in more diverse assemblages was observed. Overall, the Adriatic showed the highest number of generalist species, a fact that could be explained by the challenging ecological situation found in this shallow gulf. A uniform species specificity disregarding sample diversity was found in Crete and the British Isles. In the case of Crete this could partly be explained by the existence of more undescribed species while in the British Isles the variety of macrohabitats supported more specialised species. The benthic copepod communities analysed in this study showed distinct patterns that clearly fit the predefined geographical regions. The communities of the British Isles were very similar to or even non-separable from the copepod assemblages of all other regions, with the exception of the Adriatic. The British Isles and the North Sea were found to be faunistic links to the Baltic and the Arctic. The open geographical position, the constant exchange with the North Sea and connections to the Arctic lead to the establishment of interconnected communities in the British Isles. Intertidal communities from the North Sea equalled those of the British Isles, indicating that the extreme environmental conditions present in the intertidal favoured a specialised copepod community that is more stable over larger distances than the studied subtidal communities. Our data show a species richness hot spot in the North Sea with a gradual decline in species numbers towards the north and south. Despite the high sampling effort, regional differences in historical factors and ecological characteristics, such as productivity and habitat suitability, strongly influence species richness.
